Software development process tailoring is a standard and regular practice of software development companies. Without realizing it as a regular and well-defined standard approach, companies perform it on an ad-hoc basis. Due to which, process tailoring could not be developed into a formal process and approach to managing software development, processes and projects. Software development process paradigm shift from conventional software development approaches to the agile methodologies left many companies struggling with the reusability of the existing processes and defining new processes from scratch. Limited work on process tailoring and lack of a formal approach, particularly for overwhelmingly used agile methodologies, affected the acknowledgment of this process. Addressing this limitation, present research work formulates a process tailoring framework to tailor agile-based software development processes. The proposed framework recommends tailoring three key processes of agile methodologies based on the project state considering the client's perspective and requirements. The existing literature have been reviewed to develop a theoretical framework which is verified and validated through structured interviews and case study of real projects. The framework provides a formal and a structured approach to tailor agile-based processes and methodologies.
I. INTRODUCTION
Software process tailoring is a technique to customize or adapt the software development process according to the requirements of the software project or company by removing unnecessary and unwanted practices and activities from the process. Software development companies adapt development processes and their respective activities according to their requirements. Software process tailoring is adjusting the definitions of a software process and specifying its terms to derive a process for an alternate environment [1] . It improves the quality and reusability of the software development process. Software projects vary from each other in terms of their scope, nature and complexity, therefore a software process suitable for one project is not equally suitable and applicable for another project [2] .
Creating or remodelling a software development process from scratch is resource-intensive, risky and involves overheads [3] - [5] . Likewise, the selection of a suitable process or methodology for a particular software development project has always been found challenging because all the software The associate editor coordinating the review of this manuscript and approving it for publication was Hailong Sun . development methodologies have certain limitations [6] . However, process tailoring improves the performance of the software process and quality of the software product with less effort [4] . A good quality software process brings stability in the entire software project lifecycle. Software process tailoring is a key practice to redefine, reproduce, simplify and reuse existing processes. It is an essential solution when companies are over-processed.
Process tailoring operations are performed both at company and project levels [7] . Good understanding of company's operations, standards, procedures, and characteristics and requirements of the software project are necessary to understand before tailoring is performed. Highly applicable skills and expertise are required to carry out this activity. Bad process tailoring leads to the increase in cost, wastage of time and resources, removal of necessary activities and producing a process that does not meet process standards and company requirements [7] . The quality of the software process and product is also compromised.
Finding identical processes and projects is almost impossible [4] . Processes are defined either by developing a new process or customizing an existing one [8] . Process tailoring is the most suitable practice for small and medium size companies where resources are limited to create a new process. Small and medium companies normally follow agile-based methodologies to meet the challenges of IT globalization also called as global software development (GSD). In today's fast-paced development agile-based methodologies have emerged as a new generation of lightweight processes [9] . The support to the offshore development in terms of quick iterations, fast coding, early and quick deliverables, less documentation and adaptability to changing requirements are the characteristic reasons behind the vast adoption of agile methodologies by most of the software development companies since last decade. The applicability and suitability of agile methodologies to various development environments [10] have compelled most of the software development companies to shift to the agile methodologies. Nevertheless, it is challenging for the companies following traditional approaches from many years to shift to an agile model [9] where quality, cost and schedule are the motivational factors for process change [10] .
There are many strategies for process tailoring but template-based and automatic process tailoring are commonly used by industry practitioners and academic researchers. However, automatic approach is more useful [83] . A comprehensive review of process tailoring related to the critical success factors and practices has been presented in [84] . The research work discuss different approaches of process tailoring and present technical information and baseline to the new researchers in this area.
Unfortunately, limited research work have been conducted on software process tailoring particularly in the context of small and medium companies [7] . Agile-based development environments of these companies have also not been properly investigated. The existing process tailoring approaches provide superficial and general guidelines for tailoring agilebased processes. These approaches do not consider the characteristics of an agile model, requirements of the software project and its varying behavior. It makes these approaches less applicable and useful for agile-based development environments. On the other hand, limited work have been presented on tailoring agile-based methodologies [11] which are currently being followed by most of the companies.
Most of the existing models and frameworks of process tailoring suggest similar practices and activities. Important factors such as behavior and requirements of the software project, its progress, and agile principles are not given due consideration in the existing approaches for agile-based development environments where project client and team are importantly focused [5] , [9] , [12] - [14] .
One of the main issues with existing tailoring approaches is tailoring a software development process before a project starts and follow that same tailored version of the process till the completion of the project [5] . In practice, the tailored version of the software process does not remain suitable any longer for the project at some later stage due to changing requirements of the client and the project, and rapidly evolving software development processes. It is required to tailor a software process when a project is in progress accommodating the changes in the processes [5] , [7] . Another limitation of existing approaches is their focus on large software development companies instead of small and medium size companies. Agile methodologies being followed by most of the companies is also another limitation of the existing approaches that do not define general principles of tailoring agile-based methodologies rather focus only on one method such as extreme programming.
Following issues related to the process tailoring have been reported [5] :
i. Software project characteristics are not considered as an important factor by existing approaches when tailoring a process. ii. The existing work is of very superficial level. Instead of focusing on agile methodologies, it simply compares them with traditional approaches of software development. iii. Existing work on process tailoring do not explain process tailoring strategies rather highlight general principles. iv. Developers and project managers do not have a proper guideline for tailoring a software process. Software process tailoring is the requirement of the software development companies to adapt the existing processes according to their requirements. It helps them to adapt or reuse a good software development process without investing resources to constructing a new one. There is no one-sizefits-all software process [85] . The need of process tailoring is utmost, however there is a lack of a systematic way. Reference [87] has presented 49 criteria for process tailoring. The process tailoring problems as discussed earlier crave for a structured and systematic process tailoring approach to address these issues providing guidelines on how and when to tailor a software development process [5] , [7] focusing on agile-based methodologies. There is the need to change the conventional software process tailoring approach to a value-centric approach using value-based software engineering concepts as presented in [86] .
The present study addresses these issues and presents a framework to tailor agile-based software development processes. Preliminary work in this regard has already been published in [73] , [74] but the study could not be completed due to some problems in the research design. Revising a few components of the framework, exclusive to agile methodologies, an improved version of the tailoring framework has now been formulated in the present study. Focusing on agile-based methodologies where project client has a prime role, the client has been considered as an important factor in the proposed framework.
In the present study, client factor and the client's perspective in agile-based software development companies have been investigated. Risks faced by the software projects have been analysed and grouped into three main classes namely performance minor, management critical and progress limiter [69] . Furthermore, investigation and analysis have been made on the states and behavior of the software projects. The response of the software projects to various factors and problems besides project lifecycle phases have been investigated and a meta-model of software development project states has been developed [69] . Three processes as the key processes in agile methodologies have been derived from the agile principles [71] , [72] . The proposed framework recommends tailoring these three key processes of agile methodologies. Finally, process tailoring operations have been selected from the existing work to be used in the present study. Two operations are newly defined based on the existing operations. These components such as project states, key processes, and tailoring operations have been integrated into the process tailoring framework. The client's perspective, key processes and project states have been classified as non-functional while process tailoring operations and schema as functional components of the framework. Structured interviews comprising of closed questions have been conducted with experts working in the software development companies for verification of the components and the framework. The framework has been further validated through a case study of real projects applying process tailoring framework. Observations have been recorded and presented in a structured, linear sequential and integrated way to build the evidence of framework applicability and usability. The process tailoring schema is the most comprising component of the framework that is the backbone of its functionality. The research is significantly providing a formal solution to process reusability.
II. RESEARCH METHODOLOGY
The present research has been completed using the qualitative research method. The qualitative research methods have been selected to study and analyse the actual software development projects in their natural settings. The suitability of methods, understanding perspective, practices of the participants, direct interaction, communication and variability of approaches in qualitative research [75] are the main factors behind the selection of the qualitative approach.
Existing literature and research work have been reviewed related to the process tailoring, agile methodologies, software project lifecycle, risks, process paradigm shift and global software development, and framework elements have been identified [15] .
The open coding technique has been applied on agile principles to derive the key processes of agile methodologies which are one of the key elements of the framework. Integrating these components, a theoretical framework has been formulated. Triangulation [17] , [76] approach has been used for the verification and validation of the framework.
Interviews are of three types such as structured, semistructured and unstructured [16] , [17] . Structured interviews comprising of closed questions with experts working in the software development companies and academic research related to the software development processes have been conducted to verify the framework and its components. Structured interviews are most likely questionnaire.
Experts working in software development companies, following agile-based processes, at senior positions having more than 4 years of the working experience have been selected for the interviews. One of the experts is an academic researcher working in the area of software development processes. All the experts being located at distant geographical locations, interviews have been conducted through emails [77] , which is a well-accepted way of conducting structured interviews to overcome certain limitations involved in arranging the faceto-face interviews [18] . The quick interviewing approach has been used because of the unavailability of the experts from the academics and industry for the face-to-face session due to their busy schedules, time constraints, deadlines and meetings. This type of interviewing method is used to decrease the time of data collection and analysis as it helps in providing practical information [19] , and where detailed information is not required [20] . Total 11 interviews have been conducted. If the required information is obtained then a single interview is considered enough. It helps in facilitating the research study and research directions [20] . Case study of two real projects has been conducted to validate the framework. Complete case study protocol has been presented in framework validation section.
III. PROCESS TAILORING
Software development processes are based on the typical process meta-model as shown in Fig. 1 [8] , and have well-defined phases. Conversely, agile methodologies are activities driven [9] , [21] . Software development activities are part of process meta-model and are grouped into phases. The process tailoring framework as developed in the present research tailors or customizes the unnecessary or unproductive activities of a software development process. The framework is based on the principles of agile methodologies which are activityoriented. The project client holds an important centralized role in agile methodologies and is considered as a key role player in agile-based projects [9] . Understanding client factor, particularly in agile-based projects is necessary for the smooth progress of the project. In the present research work, client and its perspective [70] have been considered as the fundamental elements of the framework, based on which key processes of a software project where a client is mostly concerned have been identified. The proposed framework tailors the sub-processes and activities of these three key processes.
The factors as client's perspective [70] , risks faced by the projects [22] , team performance and their effect on the project behavior and progress, and project states have been analysed and selected. Project states have been derived from the project lifecycle phases and activities. The project risks as presented in many existing works have been identified and categorized into three main groups concerning their effect on the progress of the project and performance of the team members. Detailed research work on the project states, risk classes, and client's perspective has been published in the early phases of the present research work [69] . Software process meta-model [8] .
The framework provides guidelines that when and which process and/or its activities should be tailored and which tailoring operation should be performed. Process tailoring is performed according to the state of the project. Tailoring the software process or its respective activities during the progress of the project, when and as required, throughout the project lifecycle is the novelty of the present research work, unlike existing approaches that tailor the process only before the project starts.
IV. FRAMEWORK DEVELOPMENT
For framework development, the primary study has been completed through research literature [15] . Elements identified through the literature review are then verified through structured interviews and the theoretical framework has been formulated.
The existing research literature using a deductive approach specific to the present research study has been investigated [7] . In a deductive approach, the study of existing literature provides a good source of information about the research being conducted [23] . Electronic information sources such as IEEE, ACM, Springer, and ScienceDirect including various journals have been explored to find the related literature. The search queries like ''software process tailoring'', ''agile processes'', ''problems in agile processes'', software process improvement'', ''project outsourcing'', ''software project risks'', ''project management issues'', ''software development issues'' and ''qualitative research methods'' have been used to search and choose the desired literature. The research papers have been selected for the present research based on their relevancy to the present research domain. [7] , [5] , [8] , [24] , and [25] are the key papers that provide foundations for this research work and framework development.
A. CLIENT FACTOR IN AGILE-BASED PROJECTS
Process tailoring is generally performed based on the requirements of the organizations or software project [26] - [28] . The need to tailor a software process according to the requirements of the project has now been realized [7] . In the present research, software project and particularly it states have been used as the fundamental level of executing process tailoring operations.
The principles of agile manifesto describe project client or customer as the main stakeholder and key role player in software projects that adopt agile-based methods of development [25] . The client has also been described as the third main role player in global software development (GSD) environments as shown in Fig 2 [29] .
The importance of software project client as a critical success factor in software development project has been realized by many researchers [30] - [35] and as mentioned in [36] . The role of the client has been presented as crucial for the success of the software projects in agile principles and methodologies. The main reason is the direct involvement of the client during software development in agile methods [9] . The client, an important factor has been chosen as one of the main elements of agile-based projects.
B. CLIENT's PERSPECTIVE
The client is an important success factor that holds the decisive role in agile-based software development projects. Consequently, the satisfaction of the client is really important for the smooth progress and success of the project. The satisfaction of the client is directly associated with fulfilling his/her requirements. This is achieved by particularizing the development activities according to the needs of the client [37] , [38] . Studies show that satisfaction has a direct and positive relationship with the outcome of the project using agile methods [21] . As emphasized in the first principle of the agile manifesto, the satisfaction of the client is the definitive objective of agile principles [25] , [39] . The client's satisfaction is important for the software companies due to its direct effect on market reputations, clientage and future opportunities [40] . The client's satisfaction is associated with the client's expectations from the project and the outcome of the project [41] . It is also an important factor in software process improvement practices [42] . The satisfaction of the client is achieved by fulfilling his/her requirements, and when a client's perspective is well understood, maintained and practiced throughout the project's progress. The importance of the client's perspective has already been realized in management studies where it is considered as putting yourself in the client's shoes [24] . Understanding client's perspective means understanding what does the client wants? What the client has in mind? How the client feels? and how the client thinks? [24] . It is necessary to look at various situations and requirements from the client's point of view to achieve the satisfaction of the client. It shows that the client and its perspective are the most important factors in software development projects particularly those following agile methods and directly deal with the project client. The relationship is shown in Fig 3. 
C. KEY PROCESSES IN AGILE METHODS
Unlike traditional approaches of software development, agile methodologies are based on a few key processes of software development. Clients of the software projects that follow agile methods are also concerned with these three areas or processes namely resources management, requirement gathering, and tracking process, communication process, and tasks allocation process. These key processes in agile methods are crucial for project success, particularly in offshore development [5] , [36] , [43] - [46] . These key processes have been selected based on the emphasis given to them in agile manifesto [25] , [39] . The open coding technique [18] , [47] has been applied in 2 nd , 4 th , 5 th , 6 th , 11 th and 12 th principles of agile manifesto to extract key elements as shown in Fig 4 .
Particular string phrases have been assigned to the keywords in the agile principles. The derived string phrases are requirement management, resources management, communication, and requirement management and tasks allocation which are the key processes in agile methods.
These key processes have been selected based on their direct relationship with the satisfaction of the client which is significantly emphasized in the first principle of the agile manifesto. On the other hand, communication in agile models is informal [9] and need proper administration. Requirement specifications, effective communication, and project resources have also been described as important for project's success such that their frequency of reporting in literature is 60.5%, 46.5%, and 25.6% respectively which is higher than other related factors [36] . Studies show that communication between client and project team affects the progress of the project whereby emphasis has been given on their further investigation [44] .
Therefore, as derived from the agile principles, adapted from [5] and identified from other research literature, the following are the key processes in agile models about which client is also mainly concerned: a) Resource management b) Communication (interaction & coordination) c) Requirement management Requirement gathering & tracking Tasks allocation Tasks allocation is an important process of team management and effort estimations which is directly related to and affected by the requirement management process. In this process tasks related to development are assigned to the team members. It is formed as a sub-category of the requirement management process.
These key processes being well managed and controlled brings satisfaction of the client and smooth progress of the project. In agile methods, these processes significantly affect the client's expectations and requirements. The process tailoring framework tailors these three key processes according to the requirements of the project and the client.
D. SOFTWARE PROJECT's BEHAVIOR, RISKS AND PROJECT STATES
As discussed earlier, process tailoring is performed at organizational and project levels. However, it is needed to tailor the processes at the project level [7] . Many factors among others such as performance of the team, risks faced by the projects and response to the risks mainly determine the behavior, progress and execution flow of the projects. Risks, however are more critical [48] due to their effect on the performance of the team, progress of the project and success of the project. As discussed earlier, the success of the project is also mainly dependent on the satisfaction of the client which in turn is greatly affected by the risks faced by the projects that may affect the success of the project. The relationship between project success, client's satisfaction, and risks is ternary as shown in Fig 5. Major risks such as poor requirement management, weak project management, poor project planning and scheduling, weak risk management and inefficient team resources are major risk categories which are responsible for project failure [49] . These and other kinds of risks directly affect the progress of the project, processes and client's satisfaction. To handle the risks in software projects, good project management is required. Numerous aspects of project management have been discussed in various studies such as [50] - [56] . The expertise of the project manager is one of the important factors for the project's success. The completion of the software project does not mean its success. Risks are also faced by the projects throughout their lifecycle. Different risk handling approaches have been presented to address risks during software development [57] - [59] .
In this research, risks as presented in the research literature have been categorized into three main groups namely performance minor, management critical and progress limiter. The risk classification has been made based on their effect on team performance and the project's progress. A detailed study on the risk classification and their definitions has been published [69] . These risk classes are the main determinants of the behavior of software projects.
Software development projects pass through standard phases. They take a start, complete all the requirements during execution and then are closed. The execution and progress of the projects are determined by similar factors such as risks, team performance, tasks completion and satisfaction of the client. These factors have a varying effect on the behavior and progress of the projects. Team skills [60] , role of the managers, technology [61] , team size [62] , roles and responsibilities [63] affect the progress of the project and team performance. Typically, a software project has a start, middle and end phases [64] . A software project passes through different phases until its completion but start and end could be determined through time [65] . A project lifecycle is divided into three main phases called initiation, execution, and closure. Different nomenclature for these phases has been used by different projects but each represents the same meaning. These lifecycle phases, however, do not reflect the real behavior and execution flow of the project. Each software project faces many known, unknown, predictable, unpredictable, certain and uncertain situations. Many research works on project lifecycle present a similar set of phases. Fig 6 shows one of the project lifecycles comprising of four phases such as initiation, planning, execution and closure [66] . The typical phases of the software project lifecycle and their respective activities have been adapted and classified as project states. Four states of the project named as takeoff, running, landing and hangup have been considered important for the execution of the framework.
The detailed work on derivation, definition, behavior, and execution of these states have been published in [69] . These states truly reflect the status and behavior of software projects and are considered an important factor for tailoring software development projects.
These states show the behavior of the software projects particularly those following agile-based methodologies and are represented as characteristic elements of the project behavior as shown in Fig 7. The project states have further sub-states as shown in Fig 8  that shows the execution flow of the project and these states. 
V. ROCESS TAILORING OPERATIONS
Even though the software process tailoring is an important practice, limited research work has been presented in this domain [7] . Most of the existing approaches of process tailoring are based on the knowledge of previous projects and tailors only one process model of agile like XP.
Commonly, the existing approaches perform the same process tailoring operations such as addition, deletion, modification, skipping, and downsizing [4] , [5] , [67] . Mostly used process tailoring operations have been summarized in Table 1 .
As given in Table 1 , add, delete and modify are the most commonly used tailoring operations, whereas delete and modification operations have been divided into more operations [5] . Splitting, merging, replacing and downsizing operations have been used in some of the approaches as well. It shows that different approaches have used tailoring operations after modifying and defining them according to their own requirements.
Based on Table 1 , the tailoring operations defined in the present research are given in Table 2 . These tailoring operations have been used in our previous studies [73] , [74] where we proposed a very initial level framework for tailoring software process. Later during the study, that framework went under major modifications and is reproduced in this research.
VI. PROCESS TAILORING FRAMEWORK
The formulated process tailoring framework is shown in Fig. 9 . The software project, its behavior and project client are the main components of the framework. Three key processes namely requirement management, communication and resource management are sub-components of the client and client's perspective component. Four project states namely takeoff, running, landing and hang up are the sub-components of the software project and its behavior. Integrating these components, the theoretical framework has been constructed as shown in Fig. 9 . The framework produces process tailoring schema by mapping project states, key processes, and tailoring operations. The schema suggests which process tailoring operation(s) should be performed on a particular key process during a specific state of the project. The process tailoring schema however, is not presented in this paper. It has been developed and will be published soon after testing and validation. The process tailoring schema is the significant contribution of the process tailoring framework that provides complete guidelines and scheme to the industry practitioners to tailor the required software process according to their requirements.
The process tailoring framework recommends tailoring the tasks, sub-processes, and activities of the key processes of the software development project when it is in a specific state at a point in time. According to the framework, only three main processes as resource management, communication and requirement management are needed to be tailored to the client's requirements. Companies implementing the framework need to identify the project state, problems and issues as well as requirements and perspective of their project's client and should accordingly perform either of the tailoring operations. These components are not strictly dependent on each other. However, ignoring or not considering any one of them would affect the working of the framework. As a result, process tailoring cannot be performed. It is necessary that the outcome of all of the components is properly identified and considered according to the requirements of the project prior to the tailoring. The practices recommended by the framework may vary from one project to the other depending on the requirements and characteristics of the project as well as the client. The framework recommends the best tailoring practices and strategies at a micro level i.e. project state level. The framework provides a systematic approach to tailoring a software development process. It can further be inherited, extended and modified according to the requirements.
VII. FRAMEWORK FUNCTIONING
The framework components have been divided into functional and non-functional components.
A. NON-FUNCTIONAL COMPONENTS
Client's perspective, key processes and project states are the non-functional components of the framework. The classification of the components is done based on their functionality and implementation. Non-functional components do not execute themselves and do not possess some functionality but deal with the analysis of the project. On the other hand, the functional component executes itself and tailors the process as recommended by non-functional components. Functional component is the actual implementation and execution of the framework.
1) CLIENT'S PERSPECTIVE AND KEY PROCESSES
Client's perspective deals with the requirements and expectations of the project's client. As discussed earlier that client is mainly concerned with the management of team resources (team members, their expertise and tasks), communication and coordination in terms of meetings, progress, performance and status reports, and requirement management for gathering and tracking the requirements, those currently being developed and those planned for next releases. Therefore, client's perspective component focuses on understanding the requirements of the client, his/her expectations related to these three main process areas of agile-based processes, and in case of any deficiency and limitation in any or all of these three processes, identifies it and recommend to improve. Identification is based on the analysis of the process or the problem being faced. The main role of this component is to identify the problem and need for improvement in a certain process, sub-process or activity.
2) PROJECT STATES
Project states identify the current state of the project. It could be beginning (takeoff), execution (running), problematic (hangup) or closure (landing) states of the project. A project could only be in one state at a time. These states are the indicators of the progress and status of the project. Hang up state could occur in parallel to any other state because it represents the problems and issues in the project that hinder its progress and pace. Project states component, based on the analysis of the project's progress help to identify the current state, progress and status of the project so that correct process tailoring operation could be performed according to the current situation and requirement. The output of this component is the current state of the project. 
B. FUNCTIONAL COMPONENT(S) 1) PROCESS TAILORING SCHEMA
Process tailoring schema is the functional component of the framework. It performs the process tailoring. It executes the process of tailoring operations (add, delete, modify, etc.). The main function of this component is mapping the outputs of the client's perspective component, a process to be customized and project state. The schema describes the current state of the project and during that state which process, subprocess or activity should be tailored, and which tailoring operation (activities) to be applied. The schema also provides information on the frequency of the tailoring such that when, how and how much or how many times. However, the implementation of a schema is not in the scope of this paper.
VIII. FRAMEWORK VERIFICATION
Structured expert interviews have been conducted with 11 experts to prove the correctness of the identified components and framework for their verification. The questions set for the interviews are as follows.
1. The client is the most critical and influential factor in projects following agile methods. 2. Client's perspective should be understood and maintained throughout the project lifecycle particularly in agile-based development. 3. Client's perspective is necessary to maintain during each phase and iteration of software development.
4. Resource management, communication, requirement management are the key process areas of software development on which the client is mostly concerned.
Requirement gathering & tracking and tasks allocation
to team members are the most important sub-processes of the requirement management process. 6. Similar to an air flight, a software project takeoff, runs (execute), and then lands (complete). 7. Similarly to crash landing, a software project may hang up, makes a crash landing or may recover from the emergency. 8. Most of the software development companies customize (tailor) their software development processes. 9. Process tailoring performed based on project requirements, and client's requirements and expectations give realistic results. 10. The behavior of projects (project states) and client's perspective are the main factors in agile-based projects based on which processes are tailored. Close-ended questions have been set for the interviews. According to [78] , closed response answers i.e. yes/no can be used appropriately. Any of the three standard scaling methods, (Likert, Guttman, and Thurstone) may be used where appropriate. Closed-ended questions are good to get higher response rates whereby respondents do not have to type so much. The answers to closed-ended questions are easy to analyse. The close-ended questions are suitable to collect data to be measured carefully over time with repeated research efforts, and the set of possible answers is strictly limited for a certain reason. This format of the questions is suitable when qualitative research design is good enough and cross-validation is performed. In some circumstances, it is not possible to conduct free-form or write-in answers format. In such cases, it is necessary to limit the options [79] .
The respondents have expertise in the areas of software processes, software development, and project management. Table 3 summarizes the detailed information of the experts participated in the interviews.
Total of 11 interviews has been conducted. Though X11 was currently not following agile methods but had good experience in agile processes. Due to his expertise in agilebased approaches, his opinion has been considered. One interview has been conducted with an academician working in the same area to get feedback from the academic researcher as well. All the projects were following agile methodologies as shown in Table 3 .
The results of the interviews have been summarized in Table 4 .
The descriptive statistics is used to interpret the findings of the interviews [68] because of the structured interviews comprising of closed questions. All of the experts (100%) agree that client is the crucial factor for the projects and its perspective should be practiced throughout the project in each iteration, while 91% believe that it is important to maintain it. Likewise, 64% of the experts believe that resource management, communication, and requirement management are the key processes in agile methods and the client is more concerned about these processes. 82% agree that requirement gathering and tracking, and tasks allocation are part of the requirement management process. Task allocation, and requirement gathering and tracking are found as subprocesses of the requirement management process. Similar results have been found on project states where also on average 78% experts believe that takeoff, running, hang up, recovery and cancellation are different states through which a project passes. However, takeoff, running and landing are considered as ordinary states for every project, while hang up, recovery and cancellation are important states as supported by 91% experts. The overwhelming support from the experts verify these components and their functional suitability in the framework. Questions related to the need for process tailoring based on the project requirements, client's perspective and project states have also given over-expected results. Highest among all the results, on average, 97% of the experts have considered process tailoring as an important practice. Among all the components of the framework like client, key processes and project states, the equal highest response is received to the client and client's perspective, and process tailoring i.e. 97%. The result on the client's perspective is rather interesting that 91% of the respondents believe that client's perspective should be understood and maintained throughout the project but all of them believe that it is necessary for the project.
One of the respondents might have not understood the first question and responded in negation but fully supported it in the very next question. Ignoring this minor difference, it can be concluded that 100% of the respondents believe that the client's perspective is necessary to practice during each iteration of the project. Therefore, tailoring a process during each or any iteration of the project, as and when required, considering client's expectations positively affect the progress of the project.
On average, 73% of the respondents supported key processes and 78% supported project states. In the case of project states, only 64% of the respondents have supported the takeoff, running and landing states. Possibly, the reason for the low percentage could be that respondents might not agree with the resemblance of a software project with an air flight or it could be the nomenclature used. However, it is not that significant because more than half of the experts agreed with it which is quite considerable. Interestingly, in the very next question, instead of using the terminology of the other three projects states, their descriptions have been used and 91% of the respondents agreed with it. It strengthens the fact that respondents belonging to the industry are not familiar with the academic research and terminologies used, therefore selfexplanatory questions should be asked more descriptively rather than using unfamiliar terms. However, overall takeoff, running, landing, and hang up have been recognized as the states of the project that truly reflect the behavior and status of a software development project.
On performing process tailoring by software development companies, particularly small and medium, according to project and meeting client's requirements, all the respondents (100%) agreed with the implementation of this process. All the respondents agreed that it is good for small and medium companies, particularly because most of them use agile methodologies. On average, 97% of the experts agreed that the process tailored according to the requirements of the project and meeting the client's requirements and expectation from the project are more objective and outcome-based. They agreed that project states and client's perspective have a considerable role in the tailoring of a software development process. The results as given in Table 4 , verify that agilebased software development processes tailored according to the requirements of the project and client as well as expectations of the client when a project is in a particular state produce a more suitable set of processes and activities.
IX. FRAMEWORK VALIDATION -CASE STUDY
The case study methodology is suitable for many kinds of software engineering research works due to its flexibility, exploratory approach and analysing contemporary phenomena [17] . Simultaneous development of the model and its validation is the characteristics of qualitative research methods. The model or theory developed using qualitative methodology is also considered as validated. Triangulation or crossvalidation is done using another method, either qualitative or quantitative, to further strengthen the findings of the research, theory, developed model or framework. A case study has been conducted in the present study to analyse the contemporary phenomena, processes, and practices of real software development projects.
A structure to report the case study has been proposed in [80] , which was further modified in [81] and also presented in [17] . The linear-analytic structure is used when the target audience are the academicians because its format is easily readable and understandable. The comparative structure is suitable when the same case study is repeated two or more times and results are compared with each other [82] . The linear analytics and comparative formats have been used in the present research work due to their suitability for the case study. A case study has been conducted on two projects and comparative analysis has been presented.
The framework has been implemented in two real software development projects in an actual environment in a software company that uses agile methodologies for software development. The alias names of both projects have been used as Project 'A' and Project 'B' due to the company's privacy policy and data protection. Processes, sub-processes and their respective activities have been tailored and observations have been recorded for a number of milestones and deliverables. A number of iterations or builds were released during each milestone, whereas, various tasks and/or requirements were completed and delivered during each build.
Complete guidelines and step by step procedure have been followed to tailor the processes and record the observations. The observations from both projects have been presented according to the case study structure as shown in Fig. 10 .
A. PROCESS TAILORING IN PROJECT 'A'
As shown in Table 5 , eight milestones, spanned over more than six months, were completed during the case study. Beta 1.0 was a major release that implemented 238 functional requirements including functionality, bug fixes, and changes. Another major release was Beta 1.2 with 127 requirements completed. Quick patch or releases were delivered to fix some issues as reported by the client. After final release 1.0, 40 requirements related to the comment checker module were also completed. R&D (research & development) was done for proof of concept to implement a search engine along with minor fixes. Overall, it took around seven months to complete these milestones for which observations have been recorded for process tailoring activities. Table 6 shows the number of tailoring operations performed for each key process and project state. Some of the tailoring operations are done one or more than one times in more than one state or sub-state of the project and are represented with their total count as given in Table 6 .
There is variability in process tailoring with respect to the state of the project. In some of the cases, process, sub-process or activity has been tailored during a specific sub-state of the project such as during pre-takeoff, takeoff and running sub-states for requirement gathering and tracking process of requirement management. The takeoff state in Project A was quite short and the project entered into running state in a very short period of time. Therefore, the total count of overall processes, sub-process, and activities tailored is given as a single number. Sometime any sub-state could not be that visible in the project due to its short span.
Some of the examples including reasons to tailor the software development process, the processes tailored and the outcome of the tailoring performed are given in Table 7 .
The activities performed during this validation have been selected based on the requirements of the client, processes, project requirements, project management, and team management practices. Table 8 calculates the average number of activities tailored as given in Table 6 for each of the tailoring operations, key processes, and project states.
The numbers of tailoring activities of resource management and communication management are the same with the exception of one activity. The highest numbers of activities i.e. 60, double than other two, have been tailored for require- ment management process. The highest number of tailoring performed during requirement management is the evidence that requirement management processes comprise of several processes and activities and are an essential process. In terms of technical importance for the project, the requirement management process is critical for project success. The number of activities tailored such as add, delete, modified, split & select, merge, shrink and wrap up are more in number in this process as compared to the other two. During takeoff, running, landing and hang up states of the project, requirement management processes are mostly tailored. As given in Table 8 , a total of 7 activities have been tailored during The analysis shows that requirement management is a very important process. Its tailoring requires efforts and expertise. The minimum tailoring operations involved shrink and wrap up, split & select, and merge operations. These four tailoring operations are very specific to certain situations, requirements of the project and client. Add, delete, and merge activities are mostly and commonly performed.
In some of the cases, process tailoring has been repeated and performed more than once. The frequency of process tailoring in communication, interaction and coordination process is higher than the requirement management. The communication process is a generic process. Continuous planning is made to find better ways of communication, interaction and coordination with project stakeholders due to which the frequency of tailoring is comparatively higher in this process. It is important that if the requirement management process is stable or gets stable later with outcomebased processes, it is not recommended to modify it then. Being a critical process for a project's success, its stability is very important for the project that could be compromised with tailoring or any modifications. Therefore, any stable and productive process should not be manipulated.
The software process tailoring is a necessary practice for projects following agile methodologies. It enables the project managers to define a suitable set of processes for their projects.
B. PROCESS TAILORING IN PROJECT 'B'
In Project 'B', during the case study, eight milestones were completed and observed as shown in Table 9 .
In project 'B', not that many processes and activities have been tailored as shown in Table 10 . Due to stability in the project, not many changes were needed to be made in the existing processes, and activities. Also, no activity has been modified during the pre-running state, during requirement gathering and tracking process. Similarly, shrink activity has not been performed during the landing state of the communication process. The project client was satisfied with the progress of the project, therefore, fewer changes in the existing processes were required to be made, and less process tailoring has been performed. Table 11 summarizes some of the examples of the processes tailored, reasons and outcome of the tailoring process. The outcomes show that the main objective to tailor the processes in project 'B' was to refine the existing processes for stability and formality. Table 12 presents the total number of tailoring activities performed for key processes and project states. 39 activities during resource management, 20 during communication and 50 have been performed during the requirement management process. Add, delete, modify, merge and wrap-up activities have been performed the most. As evident from the results given in Table 12 , add, delete, merge and modify are the top most tailoring operations performed.
Maximum process tailoring i.e. 40, has been performed during hang-up state. Hang-up state occurred two times in the project, therefore, tailoring during this project state is high as compared to other states. The frequent tailoring during this state helped the project to get completed successfully resolving major problems. The second highest tailoring i.e. 31 has been performed during the running state. Many processes have been tailored during these states to meet the requirements of the client related to the deliverables, project progress and team performance. As required, the process tailoring procedure was repeated as well. An activity deleted in the first cycle was added again and modified as required second time. Repetition and revoking previously tailored processes are done as required.
In Project 'B', the client was cooperative and supportive. In other words, the project team had already won the trust of the client with good performance. The team had already delivered stable builds and resolved many major and minor issues. The project manager also used the approach to focus on areas of the concern of the client. The client's perspective was fully recognized in this project and processes were refined and defined equally. The project manager had defined a set of good processes. The project passed through all the states, recovered two times from the hang-up state and was completed successfully.
C. COMPARATIVE ANALYSIS
Both projects 'A' and 'B' were following hierarchical team structures, centralized development, and working on offshore projects. The team of project 'A' was comprised of 12 members while for project 'B'8 members having medium to high expertise. The client in project 'A' was demanding, cooperative and bit aggressive but with a positive attitude, while, in project 'B', the client was very cooperative and positive throughout the project. Both projects were following agile processes and developing web-based applications. The product complexity in project 'A' was high as compared to project 'B', whereas project 'A' has more problems as compared to project 'B'. The client's perspective, his requirements and expectations were fully met in both projects. The clients in both projects were offshore.
Process tailoring in both projects has been performed as required. As project 'B' was more stable than project 'A', and client was very cooperative and not demanding, therefore there were fewer issues and less need to manipulate processes and activities to bring stability in the project and make changes to meet the requirements of the client. The analysis shows that satisfaction of the client and understanding his perspective during the development of the project is important for the smooth progress of the project. It is evident from the less number of process tailored in project 'B' as compared to project 'A'. As shown in Table 8 and Table 12 respectively, a total of 121 processes and activities were tailored in project 'A' as compared to 109 in project 'B'. These numbers include repeating tailoring activities also. In Project 'A', add, delete, modify and split & select operations have been performed mostly, whereby, in project 'B', add, delete, modify, and merge operations. It is hard to determine which tailoring operation is needed to resolve problems and improve processes. It depends on various factors such as complexity of the problem, the issue in the process, time and project requirement. A separate study is required to analyse the impact of these factors on process tailoring.
The analysis shows that process tailoring in both projects has been performed as and when required. Almost all the operations have been performed for all three key processes during each state of the project. Interestingly, it is found that sometimes the sub-state of a project is not clear or overlapping with the preceding or subsequent sub-state. In that case, process tailoring is also performed but overall for the overlapped sub-state. As given in Table 8 and Table 12 , during takeoff state, the same number of tailoring has been performed i.e. 7. Furthermore, the process tailoring during running, hangup and landing states in the project 'A is significantly higher than project 'B' which are 21,14,18 and 5,11,17 respectively. As discussed earlier, stability in the project and cooperative client were the main reasons behind this difference. The problems and issues in both projects were successfully resolved and unnecessary processes were eliminated and minimum but necessary lightweight processes and activities were defined which were really required for the project as given in Table 7 and Table 11 .
X. FRAMEWORK APPLICATION
The process tailoring framework as shown in Fig. 9 can be applied in a software development project through a procedure of a few steps, starting from non-functional components followed by functional components. Implementation of non-functional components have been covered in this paper, however, some guidelines on non-functional component i.e. schema have been provided. The details for which would be published in the next paper being finalized.
The implementation of non-functional components require serious effort and expertise by a project manager (PM) or team lead. First of all, PM of the project needs to understand the client's requirements, both technical and non-technical. Technical requirements deals with features and functionality of the developing software. Non-technical requirements are client's need of the project, expectations and perspective. Unlike technical requirements which are well-documented and understood, identifying and understanding non-technical requirements is difficult. A project manager with his experience and study of the client can identify them. Many experienced project managers study their client, his/her expectations, psyche, behavior and style of working. It helps them to handle and manage their clients which is really important for a project's success and control.
A. FIRST: IDENITFY CLIENT's PERSPECTIVE AND KEY PROCESSES
During first step, following observations are needed to be made:
i. What client actually wants to see in the project and deliverables? ii. Which areas/processes of the project is he/she very concerned of? iii. Which activities and tasks he/she wants the project team should do? iv. What type of documentation, status and progress reports he/she wants from the project team? v. What is his or her main focus or demand during progress review meetings? These five observations would help in:
i. Identifying what client wants from the project and project team. ii. Selecting either of the key process area(s). iii. Identifying unnecessary, unwanted, necessary and needed activities and tasks. iv. Identifying high priority processes and activities. First step is very important as success of the framework depends on the correct identifications during this step. Based on the outcome of the first step i.e. necessary and must have processes, sub-processes and activities of respective key processes, is the required input for process schema.
B. SECOND: IDENITFY PROJECT STATE
Next, in second step, the expertise of the project manager are also required to identify the correct state of the project. It is really important to have complete understanding and knowledge of the progress of the project, its current status, issues and problems. Studying all these factors, the current state of the project would be identified such that either the project is in takeoff, running, landing or hangup state. The correct identification of the project state is necessary to apply process tailoring operations as mentioned earlier.
C. THIRD: PROCESS TAILORING SCHEMA
Process tailoring schema maps the key processes to project states and process tailoring operations. The schema exclusively describes which process tailoring operation should be performed to tailor key processes w.r.t each particular state of the project. It also provides guidelines for the frequency and intensity (high, medium, low) of the tailoring. The frequency and intensity of tailoring operation performed are exclusive to the state and progress of the project which is the novelty of the schema.
Due to the length, details, and evidences presented in the holistic case study of different projects on schema, it is not possible to present it in this paper. A detailed and comprehensive case study on process tailoring schema, its mapping, working and application would be published in a subsequent paper very soon.
XI. CONCLUSION
The outcome of the research is evident that software development process tailoring is performed in all the projects as and when required. It could be limited to one time or could be repetitively performed to achieve the objectives as required from the tailoring. The proposed framework has shown significant results by successfully tailoring processes in software projects. The outcome of the process tailoring framework is a lightweight agile process and set of activities. The framework presented in this research, for the first time, recommends tailoring a software process according to the requirements of the client and project when the project is in a particular state. Instead of tailoring an entire process at the beginning of the project, the proposed framework tailors only key processes of the process whenever it is needed throughout the project lifecycle. There was a significant need for a well-defined and formal approach for process tailoring by the industry practitioners and academic researchers. As compared to the existing process tailoring approaches such as [1] - [5] , [8] and [67] , the proposed framework is more efficient and outcome-based. It is based on agile principles instead of focusing only on one agile method such as [67] . The input process and output process of the framework is persistently agile which is the success of the framework. Unlike existing approaches, the proposed framework completely describes a step-by-step method to tailor the process, when to tailor and which process or activity to tailor instead of merely proving guidelines on process tailoring. Tailoring can be performed throughout the lifecycle of the project at any point in time, when a project is in a particular state. It suggests tailoring the activities and sub-processes of the project instead of tailoring the entire process. The framework recommends particular tailoring operations to tailor any of the three key processes. The process tailoring approach presented in this paper facilitates project managers and other industry practitioners to tailor only the specific processes at anytime during the progress of the project. This approach makes the present research work different from existing and traditional approaches of process tailoring. The present research provides new directions of research on micro-level tailoring, behavioral and characteristics studies of the software project, project states and project management.
XII. FUTURE WORK
It is required to identify and analyse the factors that directly affect the process of tailoring operations. More contribution is required by academic researchers and industry practitioners for considering process tailoring as a regular process in software development process paradigm. Further research is also in progress and a process tailoring schema has been developed based on the tailoring framework that maps and associates the tailoring operations with key processes and project states. Validation of the schema is being carried out through a case study of real projects. Research work on the analysis of software development project states is also a new direction to explore. The behavior of software projects, the existence of project states and the average time of a state and their variable behaviors in different projects need further investigations.
